Introduction.
The reflection coefficient of ultrasonic waves for a flat boundary formed by a solid and a fluid depends very strongly on the angle of incidence and the mechanical properties of the materials involved. In particular, reflectivity shows very pronounced maxima and minima as well as other changes at critical angles of incidence. Critical angles are defined as those angles of incidence (in the fluid) where a refracted wave (in the solid) travels parallel to the boundary between the media as indicated in figure 1 . The angle of refraction for the longitudinal wave, a, or for the shear wave, j8, in the solid is in general related -10 the angle of incidence, 0, in the liquid by Snells' law sin 03B8/vf = sin 03B1/v1 = sin 03B2/vs, where vf is the sonic velocity in the fluid and v, and v. are the velocities of the longitudinal and shear waves, respectively, in the solid. Therefore, the critical angle of incidence for the longitudinal wave, 6L, will be defined as the particular 0 for which a = 900 in equation (1) ; correspondingly Os is defined as the 0 for which P = 900 in equation (1). Snell's law only yields the angles of reflection and refraction but not the amount of reflectivity or transmissivity into the solid These latter quantities were first calculated by Knott [1] , a seismologist, in 1899 for plane waves. Rewriting his results yields a reflection coefficient for the energy which is of the form where The density of the solid is given by p and that of the fluid by 03C1f.
An examination of equation (2) shows that if 0 = 03B8L or 0 = Os, the ratio of reflected to incident energy is unity while for all other angles of incidence (R/I)2 is less than unity except when It should be noted that the curves in figure 2 show a sharp rise to 100 % reflectivity at the shear wave critical angle, except for plexiglas for which no real Os exists because vf &#x3E; Vs and therefore sin 0 &#x3E; sine in equation (1) .
Some of the earliest experimental investigations of critical angle reflectivity [2] confirmed the general validity of the theory. The 03B8L peak is relatively easy to detect although it does not usually reach 100 % due to the fact that attenuation is not considered [3] in equation (2 figure 3a . This phenomenon of nonspecular reflection was first observed by Schoch [5] for Rayleigh angle incidence.
Nonspecular reflections were later investigated by Bertoni and Tamir [6] for ultrasonic beams of finite width incident at the Rayleigh angle and later by Ngoc et 
Solid plates in a floid
When a flat, homogeneous solid plate is subjected to an external locally applied periodic force the plate may be in resonance with the force and the disturbance may propagate along the plate. It was shown by Lamb [7] that more than one resonance is possible and thus one may observe different normal modes of vibration, depending on the thickness of the plate, its elastic properties, and the frequency of excitation. The defining equations for Lamb modes, in their simplest forms, are given by 4 LS coth (03C0Sfd/w) -(1 + S 2)2 coth (nLfd/w) = -iX 4 LS tanh (03C0Sfd/w) -(1 + S2)2 tanh(Lfd/w) = -iX (4) Some modes are easier to excite than others and the form of the nonspecular reflection effects may well differ even for the same beam being used, with attenuation of the modes and beam width being the determining factors [10] .
Suppose now that a small section of the plate is 5 % thinner than the rest of the plate. In this thin section the value of fd is reduced to 3.8 and the mode velocities increase except the lowest velocity mode (which is equal to the Rayleigh mode). Thus the previously determined Lamb angles are now different. If such a plate is scanned, with the angle of incidence fixed so that a distinct nonspecular reflection profile is observable, the nonspecular character of the reflection will collapse into a pure specular reflection profile when the thin portion of the plate is irradiated.
Fortunately, the same principle holds when the plate is asymmetrically loaded (i.e., water on one side and another fluid or a gas on the other). Although equation (4) Farnell [12] to prepare surface wave velocity curves for single crystals. Figure 5 shows the incident angle in water needed to excite a surface wave (outer portion of Fig. 5 ) or a pseudo-surface wave [12] quencies are used in this application. Nevertheless, the method has been used successfully [13] for the orientation of crystals and for the angle of energy flow [14] in surface waves on single crystals.
Conclusioa
Nonspecular reflectivity of ultrasonic beams is always connected with wave excitation at a critical angle. Observation of these phenomena yields information about these critical angles and thus enables one to determine important properties of the solid, as for instance wave velocities, inhomogeneities, changes in thickness and certain crystal orientation aspects. The topics discussed above are illustrations of some of the possibilities to characterize solids by using ultrasonic reflection measurements.
